Our aim was to determine the success rate of repeated debridement and two-stage cementless revision arthroplasty according to the type of infected total hip replacement (THR). We enrolled 294 patients (294 hips) with an infected THR in the study. There were 222 men and 72 women with a mean age of 55.1 years (24.0 to 78.0). The rate of control of infection after the initial treatment and after repeated debridement and two-stage revisions was determined. The clinical (Harris hip score) and radiological results were evaluated. The mean follow-up was 10.4 years (5.0 to 14.0).
The management of an infected total hip replacement (THR) is challenging. The classification system proposed by Tsukayama, Estrada and Gustilo 1 has been used to guide the treatment of an infected THR especially with regard to whether the prosthesis should be removed or retained. The success rates of treating deep infection after THR have been reported to be between 0% and 95%. [1] [2] [3] [4] [5] [6] [7] [8] [9] However, both cemented and cementless revision THRs were included in these studies. Cemented fixation has usually been used for re-implantation because it allows the use of antibiotics in cement to reduce the risk of recurrent infection. 5, 6 However, because of the favourable results 7, 8 seen with cementless fixation for revision THRs, it is the preferred choice in cases of aseptic failure. There are, however, few papers describing the use of cementless fixation for deep peri-prosthetic infection. 9, 10 Bone allograft has been commonly used for revision THRs without infection, but its use in revision for infection has been limited. [11] [12] [13] Concerns have been raised about its use in this situation because avascular bone can possibly act as a sequestrum.
Our aim therefore was to assess the rate of control of infection after treatment based on the classification of infected THRs, to determine whether repeated debridement and twostage revision would further improve the control of infection and whether cementless fixation to the host bone would be achieved.
Patients and Methods
We carried out a retrospective analysis of 306 patients who had undergone a cementless revision for an infected THR between January 1996 and December 2004. Of these, seven had been lost to follow-up and five had died leaving 294 patients (294 hips) in the study. The records of these patients had been entered on a computerised database which was updated continuously. There were 222 men and 72 women with a mean age of 55.1 years (24.0 to 78.0). Their mean body mass index was 29.19 kg/m 2 (21.0 to 42.3). The mean followup was 10.4 years (5.0 to 14.0).
As proposed by Tsukayama et al, 1 infection was classified as: early superficial, early deep postoperative, late chronic and acute haematogenous.
A total of 260 of the 294 hips had a positive pre-operative and/or intra-operative culture. The remaining 34 had a negative culture, but these patients all had an elevated white blood cell (WBC) count (> 1.7 × 10 3 μl) and THE JOURNAL OF BONE AND JOINT SURGERY differential > 65% neutrophils), and an abnormal ESR (> 20 mm/hr) and CRP level (> 0.5 mg/dl).
14 Other causes of increased inflammatory markers, such as inflammatory arthropathy, were excluded.
Staphylococci accounted for 220 of the 260 (84.6%) bacterial isolates. Overall, Gram-positive cocci accounted for 232 of the 260 (89.2%) isolates and Gram-negative bacilli for 20 (7.7%). Mycobacterium was isolated from eight (3.1%) hips with late chronic infection (Table I) .
Of the 294 hips, 14 (4.8%) had early superficial infection. Early deep post-operative infection was found in 128 hips (43.5%): there was inflammation throughout the surgical site and extension into the joint which developed earlier than four weeks after the initial operation. Late chronic infection which developed later than four weeks after the operation was seen in 130 hips (44.2%) and 22 (7.5%) had an acute haematogenous infection with an abrupt onset of pain and swelling.
We treated early superficial infections with a thirdgeneration cephalosporin (1 g every 12 hours parenterally) for two to six weeks while monitoring the blood parameters and the clinical response. Early deep post-operative infections were treated by debridement, replacement of the polyethylene or ceramic liner but with retention of the components, and intravenous antibiotics for six weeks. Oral antibiotics were not continued after this time. If there was a recurrent infection, another debridement with liner exchange was performed. If there was further recurrent infection, a two-stage revision procedure was performed for late chronic infection.
This two-stage procedure involved thorough debridement, removal of all the prosthetic components and cement and the introduction of a vancomycin-impregnated (2.0 g per 40 g batch of bone cement) cement spacer as a part of the first stage. Three batches of cement were used to make a spacer and a total of 6.0 g of vancomycin was used. Antibiotics were administered intravenously for six weeks (Table II) , after which the ESR, the level of CRP and the WBC count (total and differential in the joint aspirates) were measured and the patient was observed for another two weeks. If these tests were normal and there was no clinical evidence of recurrent infection, the second stage was undertaken. If there was evidence of further infection, another debridement was carried out. If there was no recurrence of infection after this, a THR was performed. However, if there was a further recurrence of infection, then a resection arthroplasty was performed. The mean interval between resection arthroplasty and the THR was 4.6 months (3.0 to 12.0).
Acute haematogenous infection was treated by debridement, exchange of the liner with retention of the prosthesis if it was not loose, and intravenous antibiotics for six weeks. If there was evidence of recurrence of infection, a two-stage revision procedure was performed as for late chronic infection (Fig. 1) .
Multiple cultures (at least five) of specimens were obtained during revision surgery and examined histologically for evidence of infection. We used the criterion for acute inflammation (more than five polymorphonuclear leucocytes per high-power field) as described by Mirra et al. 15 A Solution fully porous-coated cementless femoral component (DePuy, Warsaw, Indiana) was used in 128 hips, an Immediate Post-operative Stability (DePuy, Leeds, United Kingdom) proximal porous-coated component in 32 and a Versys fully porous-coated component (Zimmer, Warsaw, Indiana) in the remaining 134. A cobalt-chrome femoral head (28 mm in diameter) (DePuy) with a polyethylene liner was used in 140 hips. In the remaining 154, a Biolox forte femoral head (28 mm) (DePuy) and liner (28 mm in inner diameter) (DePuy) were used. The indication for the use of allograft in reconstruction was a cavitary or a segmental defect of the proximal femur, which was not completely circumferential. This occurred in 134 patients, in all of whom bone loss was severe enough (types 2C, 3A or 3B according to Paprosky, Greidanus and Antoniou 16 ) to prevent satisfactory press-fit fixation with a cementless femoral component. 17, 18 There were 123 of 294 hips (42%) acetabular reconstructions, in all of which morsellised bone, bulk allograft, or both were used.
The patients were mobilised on the second post-operative day. Crutches or a walker with full weight-bearing were used for six weeks in patients without allograft and for three months in those with allograft. Routine post-operative review was undertaken at six weeks, three and six months, one year and yearly thereafter. At each review all the patients were evaluated clinically using the Harris hip score (HHS) 18 and radiologically by one observer (JWP) who was not involved in the original procedure.
The criteria for the control of infection were as follows: no pain or swelling, no wound drainage, normal serology (ESR < 20 mm/hr, CRP level < 0.5 mg/dl, a synovial fluid WBC differential of < 65% neutrophils or a WBC count < 1.7 × 10 3 μl) and a satisfactory radiograph at least two years after the end of antibiotic therapy and a functional THR at latest follow-up. 15 A functional hip was defined as one with no or slight pain on walking and no progressive osteolysis or loosening of the components. Radiological loosening was defined as a complete radiolucent line of ≥ 2 mm in width at the prosthesis-bone interface or as evidence of migration or subsidence of a component by ≥ 2 mm. Radiological union of the allograft was defined as a complete bridging between the graft and the host bone.
17
Statistical analysis. The difference among the four groups for discrete variables (age, period of follow-up, CRP, ESR, WBC count, and WBC differential) was compared using Fisher's exact two-tailed test. Logistic regression was used to assess the rate of failure associated with the different types of infection. One-way analysis of variance was used to confirm differences between the four groups with respect to the final clinical scores. The level of significance was set at p ≤ 0.05. All the analyses were performed using SPSS version 14.0 (SPSS Inc., Chicago, Illinois).
Results
Clinical findings. The mean pre-and post-operative HHS for the four groups are shown in Table III . The initial course of treatment was successful for all 14 hips with early superficial infection, 109 of the 128 (85.2%) with early deep post-operative infection (Table  IV) , 112 of the 130 hips (86.2%) with late chronic postoperative infection (Table V) , and 12 of the 22 hips (45.5%) with acute haematogenous infection (logistic regression, p = 0.124) ( Table VI) (Table VII) .
Of the 154 patients who had an acetabular and/or femoral allograft, 151 (98.1%) had no evidence of recurrent infection during the follow-up period. Deep infection developed in the remaining three (1.9%) who presented with draining sinuses at two, three and four years, respectively, after the initial revision. These three patients underwent a resection procedure after repeated debridement and twostage revision as a definitive treatment. The organism grown from the specimens taken during the last resection Fig. 1 Diagram of the pathway of treatment for an infected total hip replacement (THR). Union was achieved along the entire length of the allografts in all the 154 hips (Fig. 2) . Bulk and/or morsellised allograft for acetabular reconstruction was well incorporated into the host bone except for slight resorption of the bulk femoral-head allograft. However, there were no failures of any of the grafts. Four hips had a displaced fracture of the femoral shaft at the tip of the stem after revision. This was fixed with two bivalved femoral cortical strut onlay allografts and they healed uneventfully. The femoral components had stabilised by bone ingrowth at the final follow-up.
Discussion
Our treatment protocol for the management of an infected THR is based on the type of infection and has been shown to give successful results in most patients. The overall success rate for the initial treatment was 83.0%. Although this result is slightly better than the 80.0% reported in other series, 1 the rate of failure is still high (17.0%). One reason for this is the high incidence of infection with methicillinresistant Staphylococcus aureus (122 hips, 41%) and Gram-negative bacilli (20 hips, 7%) in our patients. Another possible reason is a history of repeated operations on the hip. The hips which had a resection arthroplasty had a mean of 3.2 previous operations, compared with a mean of 1.8 for those which ultimately had retention or replacement of the prosthesis. This difference may be attributed to the increased scarring and poor wound healing as well as to the threefold increase in the rate of infection associated with multiple operations. 16 All 14 early superficial infections responded to intravenous antibiotic therapy without removal of the components. An alternative would be to manage such patients with orally administered antibiotics. Quinolones reach equivalent serum levels after oral and intravenous administration and need to be taken only once a day, making the possibility of oral therapy attractive. 19 In our study, all of the early deep infections were diagnosed within four weeks of the operation. In general, the longer that an infection has been present, the more difficult it is to eradicate without removal of the components. 1 In various series ranging in size from one to 41 infections, the rate of control of infection using irrigation and debridement for the treatment of early deep post-operative infection ranged from 0% to 80%. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] 20 In our study, the rate of control of early deep infection after initial treatment was 85.1%, which is higher than the 71% reported in other series. 1 This rate improved to 98.4% after repeated debridement and repeated two-stage revision. The high rate of control of infection at the final follow-up demonstrates that the treatment protocol is satisfactory.
The rate of control of late chronic infection after initial treatment was 86.2%, similar to the 85.0% reported in other series. 1 After repeated debridement and two-stage or repeated two-stage revision, the rate of control improved to 98.5%. This was better than the rates reported by others (85.0% to 95.0%). [1] [2] [3] [4] Repeated debridements and repeated two-stage revisions for late chronic infections were successful as a second, third and fourth treatment for 18 (13.8%) of the 130 late chronic infections for whom initial treatment had failed. We believe that at least two attempts at two-stage revision are worthwhile for the treatment of late chronic infection. An acute haematogenous infection, which can occur at any time after THR, has an abrupt onset of fever with acute pain and swelling. If treatment is initiated promptly, it is possible to eradicate the infection without removal of the components. In our series the rate of control of infection after of the first course of treatment (45.5%) was similar to that reported by others (50.0%). 1, 20 After repeated debridement and two-stage revision, the rate of control of infection improved to 91.0%. Although this result was similar to that reported by others, 1, 20 there were too few cases in this group to support any substantiative conclusions. It may also be difficult to distinguish an acute from a chronic infection.
Currently, most revisions performed in the absence of infection involve the use of a cementless femoral component. 21 There are also studies which suggest good control of infection using cementless fixation for both the acetabular and the femoral components. 2, 3 These findings along with our results suggest that with current techniques, the absence of antibiotic-loaded cement at the time of the second stage of revision surgery does not increase the rate of further infection.
Nusem and Morgan 22 suggested that the use of bulk allograft in a two-stage reconstruction protocol in cases of infected THRs gives satisfactory results. This finding along with our results supports the use of strut allografts in a two-stage reconstruction of infected THRs complicated by bone loss.
Our study does, however, have a few limitations. First, although all the patients were prospectively followed, the design of the study was to test retrospectively our classification-based treatment algorithm for infected THR with a hypothesis that it would be successful. This does introduce a bias. Secondly, owing to a limited number of patients, we were unable to analyse data for patients stratified according to the infecting organism. It is possible that the control of infection of an infected THR is influenced by the virulence of the infecting organism.
We conclude that all infected THRs cannot be treated in the same manner and a classification for infected THRs serves as a relatively simple and logical guide for choosing an appropriate treatment regimen. Repeated debridement and two-stage or repeated two-stage cementless THRs further improved the rate of control of infection after the initial treatment and increased the likelihood of maintaining a functional THR.
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Fig. 2a
Radiographs of a 70-year-old man, showing a) a post-operative anteroposterior (AP) view obtained one week after surgery for a displaced fracture of the right femoral neck with cementless Versys acetabular and femoral components in a satisfactory position, b) an AP view three months after the third failed repeated debridement shows resection arthroplasty with a cement spacer, and c) an AP view five years after revision surgery with the cementless Versys components in a satisfactory position. Strut allografts appear to be well incorporated. 
